Abstract: A kinetic analysis of the reaction between peracetic acid (AcOOH), and tetrakis (pentafluorophenyl) -21H, 23H-porphine iron(III) chloride, Fe(F 20 TPP)Cl, in acetonitrile showed that the peracetic acid oxidatively destroys Fe(F 20 TPP)Cl. This is in contrast to an assumption that the oxidative degradation of metalloporphyrins can be prevented by the introduction of electron-withdrawing substituents into the phenyl groups of the porphyrin ligand. A UV-visible spectroscopic study showed a degree of macro cycle destruction of the tetrapyrrole conjucation of the metalloporphyrin. The degradation takes place via oxoperferryl species. The first step of the reaction mechanism is the reversible formation of an adduct 'X' (k 1 /k -1 ) between Fe(F 20 TPP)Cl and peracetic acid, followed by an irreversible step (k 2 ) for the formation of oxoperferryl species.
INTRODUCTION
Metalloporphyrins have been studied extensively, both as models for Cytochrome P-450 oxidizing enzymes and as important catalysts for oxidation, 1 oxygentation 2 and hydroxylation 3 in their own right. 4 They have been used with a variety of oxidants, including iodosylbenzenes, 4 ,5 dioxygen, 6 hydrogen peroxide, 4 hydro peroxides 4 and peracids. 7 The current literature on the chemistry of metalloporphyrins contains a suggestion that the catalytic activity of electron-deficient iron porphyrins is greatly enhanced and the oxidative destruction of the porphyrin ligand is dramatically diminished by the introduction of electron-withdrawing substituents into the phenyl groups of the porphyrin ligand. However, it is argued herein that the oxidative degradation of the complex, a point often ignored in such studies, is a very significant factor in the chemistry of metalloporphyrins. Even with a highly halogenated porphyrin, a degree of bleaching was detected on analysis of the reaction by UV-Vis spectroscopy. In this study, the readily available tetrakis (pentafluorophenyl) -21H, 23H -porphine iron(III) chloride complex, abbreviated as Fe(F 20 TPP)Cl (Fig. 1) , was preferred. Although the general oxidation mechanism shown in Scheme 1 is widely accepted, the fine details have long been the subject of much debate. In this work, the oxidative decomposition of Fe(F 20 TPP)Cl in the presence of peracetic acid was examined.
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EXPERIMENTAL

Materials and equipment
Acetonitrile, Analar or similar grade solvent, was obtained from Merck, Fe(F 20 TPP)Cl from Aldrich was used as received. Peracetic acid (AcOOH) was prepared from hydrogen peroxide and acetic anhydride. 8 The purity of the AcOOH was ascertained by iodometric analysis. All UV-Vis spectra and kinetic experiments were recorded using a thermostatted ALICO-microprocessor (mP) based double beam UV-Vis biospectrophotometer, BL 198, operated with PC through its RS 232 C interface with the help of ELICO's Windows based software viz., Spectrosoft. Quartz UV cuvettes were of 3 cm 3 maximum volume and 1 cm path length and were capped with Teflon stoppers.
Initial repetitive scans
To establish appropriate wavelengths for monitoring, the kinetic experiments were preceded by prescans. A typical experiment, oxidation of Fe(F 20 TPP)Cl with AcOOH in acetonitrile was carried out as follows: A quartz cuvette was charged with acetonitrile (1650 ml). Subsequently, 250 ml of a 1.88´10 -4 mol dm -3 stock of Fe(F 20 TPP)Cl in acetonitrile was injected to give a 2.35´10 -5 mol dm -3 solution in the cell. The absorbance spectrum 190-1100 nm was recorded. Peracetic acid, 100 ml of a 0.1 mol dm -3 stock were injected from a micro-pipette to give a concentration of 5.0´10 -3 mol dm -3 in the cell and six overlays were recorded with a time interval of 60 s in the wave length range of 190-1100 nm at a scan speed of 300 nm/s. 
Kinetic measurements
The reactions were studied under pseudo-first-order conditions. The solvent was acetonitrile, unless mentioned otherwise. The reactions were studied at a constant temperature (± 0.1 K) and were followed by monitoring the decrease in the absorbance at 411 nm for up to 70 % reaction. Pseudo-first-order rate constants, k obs , were evaluated from linear plots of log absorbance against time. Duplicate kinetic runs showed that the rate constants were consistent to within ± 3 %. A minimum of five determinations of k obs were made for each system change.
RESULTS AND DISCUSSION
Stability of F 20 TPPFeCl in acetonitrile
First, the behavior of Fe(F 20 TPP)Cl (1.88´10 -4 mol dm -3 ) in acetonitrile was studied by following the visible spectra (between 250 and 1100 nm). In acetonitrile, the stability of Fe(F 20 TPP)Cl in acetonitrile was excellent and under the conditions studied in the kinetic runs below, showed no degradation.
Oxidation of Fe(F 20 TPP)Cl by AcOOH
The degradation of Fe(F 20 TPP)Cl by AcOOH was then studied. UV-Visible spectra of the reaction between iron porphyrin and AcOOH revealed that the initial Fe(F 20 TPP)Cl with Soret l max 424 nm was converted to a new iron porphyrin with Soret l max 411 nm (Fig. 2) and that this species subsequently decayed, as shown by the decrease in intensity of the band at 411 nm (Fig. 3) . DEGRADATION Step ¾ ® ¾¾¾ ¾ blached product Scheme 2. In this work, the initial few seconds, which involve the speedy shift of the band maximum from 424 nm to 411 nm, were omitted and the kinetics were analyzed for the slower second reaction. The absorbance at 411 nm was measured to generate a linear log absorbance vs. time plot from which the rate constants (slope = -k obs ) were obtained. The pseudo-first-order rate constant values are presented in Table I . A first order dependence of the rate on [ Fe(F 20 TPP)Cl] was observed from the straight line obtained by plotting log absorbance against time at a fixed [AcOOH]. The linearity is not well maintained beyond the plotted limits of the iron porphyrin concentration. The rate of the reaction was found to be independent of [AcOOH]. The reaction was carried out at five different temperatures from 298 K to 318 K, keeping the concentrations of the porphyrin and AcOOH invariant. The k obs values at these temperatures are shown in Independent of the nature of the investigated oxidant, the main debate concerns the structure of the high-valent, oxo-metallo species generated by the reaction of the oxygen donor with iron porphyrins. The mechanism has been investigated in depth by Groves, 9 Morishima, 10 Traylor 11 and Bruice 12 who independently recognized some general factors influencing the outcome of the reaction. These factors can be summarized as follows: (i) electron-donating substituents of acyl peroxides favor the homolytic cleavage and, vice versa, electron-withdrawing substituents increase the heterolytic pathway 9 , (ii) the homolytic cleavage of 1 occurs under basic conditions or in the presence of an electron-donating group coordinated to the metal 13 , (iii) the heterolytic cleavage of 1 is favored by the presence of acid or by a general hydrogen bonding catalysis 9 , (iv) from intermediate 1, homolysis produces and oxoiron(IV) complex 2, while via heterolysis an oxoiron(V) complex (i.e., (por .+ ) Fe IV =O) 3 turns out to be the actual oxidizing species (Scheme 3).
In this degradation of Fe(F 20 TPP)Cl by AcOOH, species 2 is not envisaged because, as said above, its formation is not permitted under acidic conditions. The presence of an oxoiron(V) species, instead of an oxoiron(IV), is defended by the litarature data for heterolytic cleavage of the adduct 'X' under acidic catalysis. 13, 14 The independence of the reaction rate on [AcOOH] strongly suggests that (i) the reaction under study occurs through the formation of an intermediate (complex 'X') which is the oxoiron(V) precursor; (ii) complex 'X' must be formed in a reversible stage; indeed, assuming that 'X' is generated through an irreversible stage, the rate of its formation should have a linear dependence on [AcOOH] . This adduct may be envisaged as a molecular complex between the porphyrin and the oxidant [(por)Fe …. HOOAc] or as a peracetate iron salt [(por)Fe-OOAc]. Complexes of Fe-and Mn-poprhyrins with AcOOH similar to the latter were proposed as a source of the cooresponding oxo-complexes. 5 Decomposition by oxidation of the porphyrin ring are the least well characterized, but an important mode seems to involve reaction of the unoxidized metalloporphyrin with an oxidized form, such as (por .+ ) Fe IV =O. This route is ruled out since the rate of the reaction decreases with increasing [F 20 TPPFeCl] in the present case. According to these observations, the mechanism of F 20 TPPFe V (O)Cl formation, as well as its decomposition can be represented by Scheme 4. 
